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[1. TITLE] 

The optical Imaging apparatus of an organic 
tissue 

[2. claim] 

(1) The light source which irradiates the 
pumping light for generating a fluorescence to 
an organic tissue, the dichroic mirror which 
points to said pumping light to the requirement 
range of an organic tissue, and passes the 
fluorescent only produced from the organic 
tissue by irradiation of said pumping light, the 
band pass filter of the multiple kinds which pass 
the fluorescent only, of a requirement 
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wavelength band among said fluorescences, 
means to measure as an image the strength of 
each part of many kinds of images by many 
Icinds outputted from said, band pass filter of 
wavelength lights, respectively, means to 
acquire the difference of the each part of the 
kind of said many of image on the strength was 
comprised. 

The optical imaging apparatus of the organic 
tissue characterized by the above-mentioned. 

(2) The number of many kinds outputted from 
said band pass filter of wavelength lights is two. 
And it chose so that the polarities of the 
fluorescent difference of the normal section and 
the tumultus section in an organic tissue on the 
strength might differ 

The optical imaging apparatus of the organic 
tissue described in said Claim 1 characterized 
by the above-mentioned. 

(3) The kind of said many of images are a 
positive image and a negative image. 

Means to acquire said difference on the 
strength is synthetic means of said positive 
image and a negative image. 
The optical imaging apparatus of the organic 
tissue described in said 2nd claim characterized 
by the above-mentioned. 

(4) Said pumping light is a laser beam. 

The optical imaging apparatus of the organic 
tissue described in said Claim 1, Claim 2, or 
Claim 3 characterized by the above-mentioned. 



[3. w^(r>nmmm 



[3. DETAILED DESCRIPTION OF INVENTION] 



[Application] 

This invention relates to the optical imaging 
apparatus of an organic tissue, especially, it is 
related with the optical imaging apparatus of the 
organic tissue appropriate to identifying the 
lesioned part of organic tissues, such as a 
human body, from the normal section, and 
further imaging the fluorescent spectrum image 
for diagnosing a lesioned part. 
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[Prior art] 

If pumping light, such as a laser beam, is 
irradiated to an organic tissue, the fluorescence 
which has the intrinsic wavelength pair intensity 
distribution decided according to the site and 
states of the tissue (whether it is normal or 
abnormal and a lesion is produced, a state, kind 
of lesion, etc.) is produced from the irradiated 
site. 

That is, each part of an organic tissue has 
intrinsic fluorescent wavelength distribution 
characteristics. 

FIG. 1 shows an example of such an intrinsic 
fluorescent wavelength distribution curve, and 
horizontal axes are a wavelength and strength 
are a fluorescent ordinate. 
Moreover, in a figure, for example, when a 
continuous line L1 has a nonmal tissue, a dotted 
line L2 is the case where cancer is produced in 
the tissue. 

Moreover, chain-line L3 is showing the case 
where the benign ulcer is produced. 
If the irradiated section of an organic tissue is 
imaged with the wavelength light of 3 as shown 
in this figure for example, (lambda), a bright 
image will be obtained in order of the normal 
section, a cancer part, and the benign 
immersion section, in a case photographed by 
the wavelength light of (lambda) 6, a bright 
image will be obtained in order of the benign 
ulcer section, a cancer part, and the nonnal 
section. 



Moreover, in the case of the wavelength light of 
(lambda)1 , it is the brightness with same nonmal 
section and cancer part. 
The benign ulcer section becomes an image 
brighter than it. 

So, an intrinsic fluorescent wavelength 
distribution curve as shown in this figure is 
beforehand measured for each location and 
every disease state, if the various intrinsic 
fluorescent wavelength distribution curve is 
provided, the comparison control of the 
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fluorescent spectrum image acquired about the 
organic tissue of test object will be carried out 
with a standard thing. 

It can perform a diagnosis of whether the part is 
normal or it is abnormal and how to be 
abnomnal if abnormal. 

Now, the various proposals of the above- 
mentioned method and apparatus for 
diagnosing whether it is that this organic tissue 
is whether to be normal and abnormal by the 
fluorescence produced from an organic tissue 
are made. 

Below, said organic-tissue diagnostic method 
and apparatus is demonstrated easily. 

(1) The method of carrying out the 
fractionation-separation of a cancer cell and the 
normal cell, and collecting them, respectively by 
the pattem recognition of the curve of the 
fluorescent wavelength-fluorescent strength of 
the cell which irradiates a laser beam to a 
cancer tissue, cuts the pumping light with a 
filter, and is emitted under a microscope, is 
recommended using the cell sorter 

(2) After irradiating a laser beam to a cancer 
tissue and removing the pumping light by the 
cut-off filter, carrying out color-photograph 
imaging of the fluorescent image which said 
tissue emits, carrying out a cancer diagnosis by 
the strength of the image density is developed 
recently. 



(3) Introducing a laser beam into the input side 
of an input-output coaxial fiber sensor, in the 
light introduced into output side fiber from the 
front end of the sensor contacted with the 
cancer tissue, after removing an excitation 
wavelength light by the cut-off filter, the 
fluorescent wavelength-curve on the strength 
which said tissue emits is recorded, the trial 
which diagnoses the tissue of cancer is made. 

(4) Connecting this sensor to a spectrometer 
using the sensor of said (3), the maximum or 
extremely small fixed wavelength of the 
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absorption wavelength of the hemoglobin is 
chosen, and the tissue surface is irradiated, in 
order to detect the light intensity after said 
tissue transparent, the front end of a sensor is 
scanned with a normal-tissue -> cancer-tissue - 
> normal tissue, making it contact on linear, and 
there is a method of drawing a position 
(distance)-reflective light-absorbency curve and 
diagnosing a cancer tissue. 
Said reflective class luminous intensity varies 
suddenly discontinuously in the boundary line of 
the normal section and a cancer tissue, 
moreover, within the cancer tissue, showing an 
irregular big and rough distribution is known. 
Therefore, the method of getting to know the 
range of cancer using this characteristic is 
enforced. 

The conventional organic-tissue diagnostic 
method and apparatus demonstrated above 
has the following faults. 

First, said (1), (3), spectroscopy-identification is 
difficult from not being not only suitable, In order 
to know location of the cancer of a tissue but the 
characteristic which a cancer cell has and which 
is said diverse. 

And in order to diagnose entirely the tissue 
which is going to diagnose as a surface, there is 
a fault of not being suitable. 
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Moreover, a cancer tissue also has a 
fluorescent weak thing. 

Moreover, since a benign lesion also has what 

has a strong fluorescence, in a diagnosis of only 
the fluorescent strength by the procedure of 
said (2), it cannot identify a tissue is cancer or 
the benign ulcer. 

Furthermore, said (4) is suitable for getting to 

know the range of a cancer tissue about the 

part which suspects cancer. 

However, it is difficult to scan about the whole 

tissue. 

Moreover, it can scan in the removed tissue 
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sample. 

However, carrying out using an endoscope with 
biological-body internal-organs vessels, such as 
the stomach, has an almost nearly Impossible 
fault. 



[OBJECT] 

This invention was made in order to remove the 
above-mentioned fault. 

The objective is in providing the organic-tissue 
lesion's which can emphasize the image 
contrast's and can acquire fluorescent spectrum 
image's imaged using intrinsic fluorescent 
wavelength distribution characteristics of 
organic tissue presence diagnosed and optical 
imaging apparatus which performs the 
expansion of a lesion, and a qualitative and 
quantitative diagnosis. 

That is, this invention utilizes the characteristic 
of said (4), the measurement basic data of (3) 
are seen, except for the fault of (2), the 
identifying method in the cell of (1) was 
improved so that it might regard as an image, in 
other words a variation of a position and a 
pattern, and it was assembled. 



[Profile] 



It is this invention in order to attain said 
objective, the light source which in-adiates the 
pumping light for generating a fluorescence to 
an organic tissue, the dichroic mirror which 
passes the fluorescent only which pointed to 
said pumping light to the requirement range of 
an organic tissue, and was produced from the 
organic tissue by irradiation of said pumping 
light, the band pass filter of the multiple kinds 
which pass the fluorescent only of a 
requirement wavelength band among said 
fluorescences, means to measure as an image 
much strength of each part of the Image of a 
kind by many kinds outputted from said band 
pass filter of wavelength lights, respectively. 
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means which grasps the difference of the each 
part of the kind of said many of image on the 
strength, the characteristics are that it 
comprised the optical imaging apparatus of an 
organic tissue by these. 



[Example] 

Below, with reference to drawing, this invention 
is demonstrated in detail. 
2nd drawing is the schematic diagram of 1st 
Example of this invention. 
In the figure, the laser beam 20 which came out 
of the laser light source 10 is converted into an 
almost parallel flux of light with collimator 11 
comprised by concave-lens 11 A and convex- 
lens 11B. 

This laser beam 20 is reflected by the dichroic 
mirror 14, as shown as the continuous line in 
the figure, it is irradiated by test partial 15A 
(shadow area) of an organic tissue 15 as 
parallel pumping light. 

From test partial 15A, according to the states 
(normality, abnormality, lesion, etc.) of the part, 
the fluorescence 30 (it shows in the drawing by 
the dotted line) of a respectively characteristic 
wavelength and strength is produced as 
understood from the mentioned above. 
Said fluorescence 30 reaches a dichroic mirror 
14 again with the reflective component of 
pumping light (laser beam 20). 
And when passing 14 by said dichroic mirror, 
the total reflection of the pumping-light 
component is carried out to said laser-light- 
source 10 side, that is, it removes and only a 
fluorescent component reaches a band pass 
filter 18. 



As for the fluorescence 30 produced in test 
partial 15A, separation extraction only of the 
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fluorescent component of the desired specific 
wavelengtli in it or a wavelength region is 
carried out by the band pass filter 18, a camera 
19 irradiates this. 

Moreover, between test partial 15A and 
cameras 19, reference-light light-guide fiber 40 
is anranged in addition to said dichroic mirror 14 
and band pass filter 18. 

One part of the laser beam 20 in-adiated by test 
partial 15A passes along the inside of said 
reference-light light-guide fiber 40 as a 
reference light (the direction of arrow-head L), 
and it irradiates it in said camera 19. 
The band pass filter 18 is comprised so that the 
fluorescences (for example, (lambda) 0, 
(lambda)l, (iambda)2***, etc. which were 
shown to FIG. 1) of various different wavelength 
can be pemieated selectively. 
The example is shown to FIG. 3. 
In this figure, 12 sorts of band pass filters 18 to 
a-l are arranged on disc 18A at the turret type. 
So, by rotating disc 18A around the main axis 
18B, a desired wavelength or a wavelength 
band can be chosen and the fluorescent part 
light image of test partial 15A in the wavelength 
band can be obtained. 



Now, the case where cancer arises in test 
partial 15A is made into an example, and the 
imaging procedure of the fluorescent spectrum 
image in 1st Example of this invention which 
has the above composition is demonstrated. 
Among the intrinsic fluorescent wavelength 
distribution curves shown to FIG. 1, FIG. 4 
showed the curve in the case of producing 
cancer in the tissue (L2), when a tissue was 
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normal (L1). 

In 1st Example of invention, the fluorescent 
spectrum image in the wavelength (lambda) 3 of 
FIG. 4 is first imaged using a positive film, for 
example, next, the fluorescent spectrum image 
in a wavelength (lambda) 6 is imaged using a 
negative film. 

And if the positive image and negative image 
which were imaged by said positive and 
negative film are piled up, the fluorescent 
spectrum image which has the image contrast 
of a fluorescent difference (S3+S4) on the 
strength between the image of a nomnal tissue 
and the image of a tissue which cancer 
produced can be acquired. 
In FIG. 4, normal tissues (L1) have fluorescent 
strength larger than a cancer tissue (L2) at the 
time of a wavelength (lambda) 3, moreover, 
fluorescent strength of the cancer tissue (L2) is 
larger than a normal tissue (L1) conversely at 
the time of a wavelength (lambda) 6. 
In other words, the relationship of the strength 
of the fluorescent strength of the normal-tissue 
section and an abnonmal group woven part is 
reversed by the case of (lambda)3, and the 
case of (lambda )6. 



^4111(^^2 jS J; A 3) ^ 

5 V^fl^Kv^7 ^ /\^J>s(D^^m^ 



Therefore, imaging of the fluorescent spectrum 
image of (lambda) 3 and (lambda) 6, the 
negative film was used for imaging in the 
wavelength of another side at imaging in one 
wavelength using the positive film. 
However, when the relationship of the strength 
of the fluorescent strength of the nomnal-tissue 
section and an abnonmal group woven part 
chooses the wavelength (for example, 
(lambda)2 of FIG. 4 and (lambda) 3) which is 
not reversed, said imaging will be performed by 
loading only with a negative film or a positive 
film twice. 

In addition, at the time of said fluorescent 
spectrum imaging, the reference light which 
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reference-light light-guide fiber 40 irradiates in a 

camera 19 is directly exposed by one part of the 

screen, and is recorded on it. 

If the screen part by which said reference light 

was recorded on it even if the strength of a laser 

beam 20 therefore differed at the time of the 

imaging for example, in each wavelength 

adjusts the exposure time or the image 

development time of a camera 1 9 etc. so that it 

may always have an fixed lightness, test partial 

15A can be diagnosed favorable by comparing 

each screen and piling up. 

Moreover, each screen can be maintained at an 

fixed lightness even if a reference light is not 

exposed by some screens. 

That is, an intensity detector (not shown) etc. is 

made to irradiate said reference light. 

That strength may be detected and the 

exposure time or the image development time 

of a camera 19 etc. may be controlled directly 

by this detected_result. 

Now, in 1st Example of this invention, it 
demonstrated as what loads a camera 19 with a 
positive film and a negative film, and piles the 
imaged film up. 

However, it is not limited to in particular this, 
without exposing a positive image and a 
negative image on a film, it may pile up with a 
direct microcomputer etc. and it may display the 
result to a cathode ray tube. 
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That is, when the image of the wavelength of 
(lamba) 3 and (lamba) 6 is compared, since the 
strength of the fiuorescent strength of cancer 
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and the normal site is reversed, a presence of 

cancer and the range can be identified. 

If the fluorescent spectrum image was acquired 

by imaging of only the wavelength of a single 

wavelength, for example, (lamba) 3, or (lamba) 

6, the image contrast of the cancer formation 

section is only S3 or 84. 

Therefore, by 1st Example of this Invention, the 

fluorescent spectrum image which has a further 

clear contrast can be obtained. 

Moreover, in FIG. 1 , the fluorescent strength of 

the image of (lamba) 3 and (lamba) 6 appears 

greatly in a normal part, in a part for a cancer 

part, also when a fluorescent difference on the 

strength appears small, it is discriminable. 

that is, these things can perform diagnosis 

easily that test partial 15A is normal or 

abnormal with fluorescent spectrum Image. 

When said test partial 1 5A is abnormality, it can 

also diagnose how it is abnormal. 

That is, there are some cancers or benign ulcer 

to which the full-fluorescent amount becomes 

almost equal, although the disease states (kind 

of lesioned tissue) differ. 

In this case, it is not discriminable what kind of 

tissue said abnonnal structure is only by 

comparing fluorescent strength. 

As the same as FIG. 4 demonstrated, in two 

selected wavelengths, the fluorescent spectrum 

image which has a clear contrast can be 

acquired by imaging a fluorescent image and 

piling each of said fluorescent image up, it 

comes to be able to perform qualitative 

identification of the lesion of test partial 15A 

thereby. 

FIG. 5 is an outline block diagram of 2nd 
Example of this invention. 
In the figure, the code of the same as FIG. 2 
shows the same or an equivalent part, 
moreover, the explanation is omitted. 
In FIG. 5, the fluorescence 30 produced by 
irradiation of laser beam 20 reaches a 
semitransparent mirror 21 . 
A fluorescence 30 is branched to two-way by 
said semitransparent minror 21 , one reaches 1st 
camera 19A after passage in 1st band-pass- 
filter 18C, moreover, the other reaches 2nd 
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camera 19B after passage in 2nd band-pass- 
filter 18D. 



Said 1st band-pass-filter 18C and 2nd band- 
pass-filter 18D can pass the fluorescence of the 
wavelengths (lambda) 3 and (lambda) 6 in FIG. 
4. 

In addition, although FIG. 5 does not show, also 
in 2nd Example, reference-light light-guide fiber 
40 is distributed like said 1st Example. 
Now, in said FIG. 4, the difference of the 
fluorescent strength in wavelength (lamba) 3 
and the fluorescent strength in wavelength 
(lamba) 6 of a curve LI is SI. 
Moreover, the difference of the fluorescent 
strength in wavelength (lamba) 3 and the 
fluorescent strength in wavelength (lamba) 6 of 
a curve L2 is S2. 

Therefore, the data (namely, SI) of the 
difference of the fluorescent strength about 1st 
wavelength ((lamba) 3) and 2nd wavelength 
((lamba) 6) which were chosen beforehand are 
prepared about the normal tissue, from said 
data, the difference of the fluorescent strength 
of each image of test partial 15A imaged by 1st 
camera 19A and 2nd camera 19B is subtracted. 
Thereby, if cancer arises in said test partial 15A, 
the fluorescent strength of (S1-S2) = (S3+S4) 
can be obtained. 

It will become (S1-S1)=0 if said test partial 15A 
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is normal, fluorescent strength cannot be 

obtained. 

It can acquire in other words in this case 
between the image of a nonmal tissue, and the 
image of a tissue which cancer produced, the 
fluorescent strength of (S3+S4), i.e., the 
emphasized image contrast. 
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This invention compares the fluorescent 
difference on the strength in two wavelengths of 
test partial 15A in this way with the fluorescent 
difference on the strength in two wavelengths of 
the normal site which was measured 
beforehand and provided, the difference can 
also be made into an image contrast. 
In order to strengthen the image contrast of the 
fluorescent spectrum Image obtained by 2nd 
Example of this invention, for example, in FIG. 
4, the fluorescent strength of curves L1 and L2 
is large, and two wavelengths which the polarity 
of this fluorescent strength reverses must be 
chosen. 

Therefore, as mentioned above, wavelengths 
(lambda) 3 and (lambda) 6 are chosen, or it is 
desirable to choose wavelengths (lambda) 0 
and (lambda) 3. 

For this reason, many fluorescent wavelength 
distribution cun/e at the time of producing 
lesions (cancer, benign ulcer, etc.) is prepared 
for a fluorescent wavelength distribution curve 
when test partial 15A are normal, and this test 
partial 15A, what is sufficient is just to choose 
beforehand the wavelength range which can 
acquire the image contrast strongest when 
cancer arises in the part to be tested or the 
wavelength range which can acquire the image 
contrast strongest when the benign ulcer arises, 
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etc. 

Therefore, a presence of a lesioned part, the 
range or a distribution state, a variation state, 
etc. can be conversely presumed from the 
wavelength range which was able to create the 
fluorescent spectrum image which was able to 
acquire the strongest image contrast. 
Now, since its image contrast is strong even if 
the fluorescent spectrum image by this 
invention Is an image of monochrome, it can 
diagnose test partial 15A sufficiently. 
However, different hue is assigned for every 
density difference of said fluorescent spectrum 
image, and, naturally it is good also as a 
pseudo color Image of one sheet respectively. 



Moreover, in the above-mentioned description, 
it demonstrated as what chooses two different 
wavelengths, Images a fluorescent image, and 
is piled up. 

However, it is not limited to in particular this, but 
three or more kinds of wavelengths are chosen, 
a fluorescent Image Is imaged and may be 
made to accumulate mutually. 
Furthermore, this invention is not only used for 
distinguishing the lesioned part, of an organic 
tissue from the nomnal section, but is applicable 
to distinction of rot or bad condition of meat etc. 



[EFFECT] 

According to this invention, the following effects 
are attained as Is evident from the above 
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explanation. 

(1) Measuring the strength of each part of many 
l<inds by many l<inds of wavelengths of images, 
since the fluorescent spectrum image was 
formed by acquiring the difference of the each 
part of the kind of said many of image on the 
strength, the image contrast with respect to a 
normal part of the abnomial section becomes 
strong, a test part can be diagnosed easily. 

(2) Also in the lesioned part which seldom 
produces a fluorescence, an image contrast can 
be strengthened by choice of said wavelength. 
Therefore, the kind or its, advance state of a 
lesion can be diagnosed. 



[4. Brief Description of Drawings] 
FIG. 1 is a figure which shows an example of 
the intrinsic fluorescent wavelength distribution 
curve of an organic tissue for demonstrating the 
principle of this invention, FIG. 2 is an outline 
block diagram of 1st Example of this invention, 
FIG. 3 is a top view which shows the concrete 
example of composition of the band pass filter 
in FIG. 2, FIG. 4 is a figure which showed the 
curves LI and L2 of FIG. 1, FIG. 5 is an outline 
block diagram of 2nd Example of this invention. 
10*** laser light source, 11*** collimator, 11A*** 
concave lens, 11B*** convex lens, 14*** 
dichroic mirror, 15*** organic tissue, 15A*** 
A test part, 18*** band pass filter, 18C*** 1st 
band pass filter, 18D*** 2nd band pass filter, 
19*** camera, 19A*** 1st camera. 19B*** 2nd 
camera, 20*** laser beam, 21*** 
semitransparent mirror, 30*** fluorescence, 
40*** reference-light light-guide fiber 
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